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mm^] mmm 

[M#^7] ttfia»«®^HmM*^ (1 0 0) ®xii^ni:^Blt^e^{c^M 

[0 0 0 1] 



1 



miEi^ 2 0 0 0 - 3 0 



#^ 11—045123 



[0 0 0 2] 

^ h9^::^4^c^i/$^';^> h4 o 8^^:r-7\-mMizm^ly. Z-mWy. h^-^^^ 

[0 0 0 3] 

V vi^u^:j^^y^y^iz^*)m^-t^r^i^. ^u^vi^gpsi i tcfei^j-s^^^y k 

o 

[0 0 04] 

5:Sfi^«•rS^^75)^^i^$tlTV^§ (#M5|15- 1 2 1 8 2 2#^^, #^¥9 
- 1 9 9 7 9 1 #<2^#, 10-326934 #^$g, 10-326 

9 3 5 10-326936 10-326937# 

10-326938 ^^Am. 10-326945 ^^m^ 
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ailtE# 2 0 0 0- 3 0 



1 1-045123 



[0 0 0 5] 

#^¥5- 1 2 1 8 2 2#^^^^CSa«$tlTV^S j;e)3&U vVm^MV- 
y >y i^'Jl^O) U l a* iiVtjt Itmi e> =i > ^ ^ h M iiMM® 

o 

^fc. #ia¥9 - 1 9 9 7 9 1 #d:ifglCiH«$4xTV%S J:^;&U 
[0 0 0 6] 

/h$<t-^feii?)lC, t^e^feCDjfilS^^ (780nini£|g) ^^f^C l^-if Cf^*) o ^fe 
(635'-690nm#i£) y, W-fe^^f^lS l^-if (400-420 



3 



£tiSEi^2 0 0 0 - 3 0 



. 11—045123 
MttS:igT$1±Si:V>^59^*^feSo #JC, AlGalnP^. A 1 Gain 
[0 0 0 7] 

mm^m tVX'^^COAlG a As S 0 nmjSim) iZj^iD^X. AIG 

a I n P^$:MVNfenTm (S^ 6 3 0-6 9 0 n m) V -^i>mmit^ni^i^X 

«E ^ S ^ t# ^ ^ tl T V ^ o 

A 1 G a I n P/G a I n P^:&^ b bTM l^— !f ©f^^lC^S^^T, (10 0 

) ®55)^^ [Oil] ^-ita (%b<a [0-1-1] 33^1^1) izityvtcmu^m^^ 
/i^^nmL. mmAitL^-r<Lt=.*). p^k-^^n'^h (fei:x.«zn. Be, 

Mg) <Dl^a;SF-l:^>i'*$:L^-r< b, 'ST^nl^McDif^^lCjc^^^^CDlgigb 

^$t^Tb^V^, (^1 0 nmJS^T^JG a I n P#^») $:f^^b 

;ti:^{c, /^;b^?S1£M{c^-rs*^^mJcJ:SPL?zg:R (^S v^^il§«^K:R) 
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£till4f 2000-3005449 



i^sp 1 1-045123 

mm-t^t^^iz. lis (10 0) mtf^^ [oii]^ini(=fe;L<iico-i-i 
] :&fni) K&^i Gmm^yirzfLr^mmfj^m^f^^n^o r^tdL. esonm, e 

3 5 nm^;^<Z) S6^^t-§m«lCJ: Gain P#FM®J?^^M^^»$:#lt 
[0 0 0 8] 

A^^^ u J: e) i: f § mm^ 

[0 0 0 9] 

[^m ^ S 7t ® ^^] 

A 1 &-g•t^^^^y K»® U ^y >:;^^m(^^ffiM$:E&iLL> — tf #'14 5: 
fnI±$ii:€>z:^*^-e^Sr i:$:Hmb^o $e>lC, A 1 G a I n P/G a I n P 

^«rm u-if <z) cfc e> ic, m.^^i\:<Dr=.mz^ynm.oyi<^^^mm.^m\^r=.m^\z 



ttill# 2000-3005449 



11—045123 

[0 0 10] 
[0011] 

±iz'^mMj&m^m^Mmt>^m^^^x\^^t^\imm. mummz-ian^^h^^ 
^mi^Mff^mmm ^ »; mmm(D/i^ ^ v^ jg ^ »; mmm im i mmm ^^yv 

FS) 2 l ^ ^ KM) ic^n^ti^-ts^ 

Vn:^Vn®^, J^fSMiltrfgB^Mmil^racDl^il^^O. 2AmJS^_h0. 5 m^T 

^ hM*^y ^yi^']IBISfeJ:W®^Me) i-plc^^b^M^I. 
(10 0) ®X«-etii:^^^6^Jc^M^®-efe*J, mmUmm<D^h'y^^V^ 
ma^<D^^:^M^[o 1 - i]:)^inixi±^tii:M^^6?fic^^^:e-rBiT'^€>ffi«l 

, y ^y i/'M®>ffc^%^#^M<D-gPjb'^^®M±lca^^ j;■S>^C?^^!g$tlTV^S^, 

Mi^xy^yry^^jv^m-r^ mm. ^^mmmfi^m- if-^x:^^mm^m zl 
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miiE# 2000-3005449 



11—045123 



[0 0 12] 

lt^<D±^(D^^mm^-^lzmLt:LG a A InP, GaP, ZnSe, Zn 
O, Si, A IgOg^c^M^S^K, #lC^ffi0&S«;M«atS:^t-S^©»«T'^-5 

0 0) mti^M^fS'^l'^^o 

*B^||ff#icfev>T r (100) ffij tv>e)«'^li, ^e^-rL=fe;j^^lc (1 

m-^^T^-g-rSo :r >'T>^;i/®:^#$«Jil^Ji3 0° jgi^T*W*b<, le 

±t=.. ««liAN^^McD««-e=foJ;<, ^©^^liAlgOg, 6H-SiC^ 
[0 0 13] 

KM, 'ffi^®xtf^^i/^;vM(Z)»li^2^«Mmi ^^^y K«i:LT^|g 
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ffiliE# 2000-3005449 



iff 3p 1 1—045123 

[0 0 14] 

^57^-/ KM, ?S14MS.t)^=I>^^^ ^»^C0V^T=b#^cmSStl3&V^;^)^, AIG 
aAs, AlGalnAs, AlGalnP, GalnAsP, AlGaInN 
, BeMgZnSe, MgZnSSe, C d Z n S e T e |gfi?J^III-V 

, ii-vi m^m^^m^^r. f^^m^2m(D^^y i^mT^/vt^^'z/jv^'rum 

KT-ji^^=^r^UT^Iii:L/T, TIStt, 1 X 1 0 c m"^JSA±*W* L < > 3 
X 1 0^^cm"^je^J:*'?i:y^f^ L<, 5 X 1 0 ^® c m'^JgAJ:;?)'^**;^* b V^„ ± 
mii, 2 X 1 O^^c ni"^je^T*W* b<> 5X 1 ol^cm"%T*^<fcy^f*b< 
. 3 X 1 0^^cm~^je^T*^St>^f ^ bV^. ?S'[4JSl*. ^•—(Dmfi^hi'j^^m 

(SQW) ^^i§[®«^#:RM^tJf^tie>jc^*ti:t7tuT 

HMTiJ^^j^-S^S^^^f^R^jt (MQW) TfeoT=fc<kv%o 

[0 0 15] 
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miE#2 0 0 0-3 0 



11—045123 

mJSA±*WtL<, 3 0 nmjeJ^±7b^J:y0*b<, 5 0 n mj^_h3&>«=fe>if ^ L V^ 
o _t:PStt5 0 0 nmJS^TTbW* 3 0 0 n mJe^Tlft'^i: ^ b <, 2 0 On 

[0 0 1 6] 

ummiit-. mmi^x^^^z.iif)mt.h<. M^i^mizit. siNy^m. sio^m 

. SiONi^, AI2O3M, znoi^, s i cii;S.?jJr^;i/:7TX S i 

0 1-1] :)5'|BIX^i^tl^^B^^6!^^c^M^:&lMI^c#^>*Tv^§z:i:*W* bv>o 
-e(Z)S-&U yiiBt^:^^^''*^ (3 11) A®i:;&^^t*^#<, U^yS:;^^:?^^ 

$i±§3i:*^T'#S„ r®MiPilim2^«Mm2 KM^'^A 1 G a A s#lC 

AlAsig^JtO. 2 — 1. 0, ^?^L<«0. 3 — 0. 9 , «=fo^f * b < 0 

. 4-0. 8(Dt^izmzmMX'$>^o :r7T>^*;i/0 X N^'Y::'"*^^^ 
umo)n^:^\^izm.^ir:^:^M^i^. ±30° Je;p^®^l^aW^ b ±7° 

^ma^(D^^:^mt. mM<D-m:^^fj^ (i o o) (Dm^. [o- 1 1] ^r^it 
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miiE# 2 0 0 0 - 3 0 



iff 5j2 11 — 045123 
Inl7b>e,± 3 0° &.P^(D:^\nit)m^l^<. ±7" JS^P^® 7^ J: U * L < , ±2 

" Je^P«go^IpI7b^ft=fo^f*Lv^o :^mmmiz^^^x r [0 1-1] ^r&ij 
v^^«-^^i, -vi^, ii-vi]^^#^icj3VAT. (10 0) mt [ 

0 1-1] ®i:0raic#:&-r-5 [1 1 - 1 ] mf^K "tn^nvmxitnm^mti^ 
mn^m'(::^^^z)K coi-i] :^m^^m-t^. 

[0 0 17] 

:^^m(D^mi!^n^mmit. _hiB(Z)^h^-rV^^p^p*^ [oi-i] :&ibi© 

oil] ^rBlXli^*ii:MHlt^e9tc^ffi^^lPl{c#tJfTVNS«-^, Jsfe* 
^f4^jCcfc»;, ^Mmmizm:^^^^t^-^^z:t.t>^X'^. (1 0 0) ®-ei±^<, 
(ill) BMT'^±^5i:^i:*m:RL:^v^J:e•^c■re3^:*•■e^-5o x 

h^^^^^^^Pgp (10 0) ®lcS^e9tCfiK;^$:^f (111) B®$:M® 
10 0) fficDU i:;?]ISiJhi:=bic (i i i) B®*>e>^-2> U ^:^1RSIJ^ J:t>*Mffi 
Pg|S®*#:;^foiti, (o o o i) ®±T?tt[i 1-2 o]xii[i -100] 

HVPE (Hydride Vapor Phase Epitaxy)l?l±ift> &«):J^r6j-e=b J: 
V^;^)^. MOC VDt?li [1 1-2 0]:^\^fj^^ bV>, 
[0 0 18] 

$<^»;, mM^m(D^^mm.m (cod) u^;v^^ai±:^^^z.tt>'^x-^^o 



ffi5Ei(t2 0 0 0-3 0 



4f 5p 1 1—045123 
*UV>„ Jil^liSO" JgAT*W*L<. 2 7" &,riJ^^Vn^L<. 2 5° JgAT 

tt, ±IH(^d pi:W$:jg^:^^fflMJ^'l4a<^3$«?)-2>3i::^)^^e:^Mi:^eo 
[0019] 

i:=b^ftbV^o Tl^«0. 5 ^mJl^Ji-efeS^tTbWt L<, 1 itim^^tJiTfeS 
3i:*^J: Ulf * LVN„ ttrJfc§|JiIliW2JCoVNTl±, _h|5S*U 0 0 r 
i:;6W^L<, 5 0 ytimJe^T-e^'Sr il^^cl; »J^f ^ LV^o Tl^li 1 /* ma_h*^fe 
'5ri:AW*b<, 1. 5 AtmJ^ilJiT'fe-Sr U^9F^ U<, 2. 2 ,im&s± 

Tfe-5^i:*^«%^?^ L/VNo 5SsSi|f§wi ^:t^I:ftgpl^law2(Z)M^co^^T^i, _hmtt 

1 0 0 /imJS^T^W* b<, 5 0 MmJ[J/^T*^<}: * LV^„ TPS^CoV^T^i, 0 
[0 0 2 0] 



mSE# 2000-3005449 



#5p 1 1 — 045123 



'4J:^BPiIiSW2(^)MlCOVATli, ±ISl±5 /imJ^ATT'^-S^il^W^ L<, 3 /* m 

oVNTli, 0. 2 /tmJgA_hT'^-5r i:*^^?^ L<, 0. 5 /* m^iT-feS r i::^^ 
J: LVN„ 
[0 0 2 1] 

-M<Dt^m(D^^\t. mmmm(^m.^.t^^5-3 0 fimi>^is^t.h<. 10 — 20 
fim.i!)^^vm-tL\<^. r=.r£L. i^:>M{ci^;cT, je<T©j:e)tcx h^-r:/^^psp 

(4) ^SPlCiSltSX h^>f >^i|lg*^tff«®h#^®ilT'M3&S=bOo 

(5) Jiiac^ (1) ~ (4) (Z)V^<o*^%$Ii^-^fc^±fctJ® = 
[0 0 2 2] 

]t V NM^ffi-e :^ h $ - if nTIg -5 ,^.xm^X ^ „ 



ffiaE# 2000-3005449 



#5p 1 1 — 045123 



n^h\^mmmmx^it. :^h^^-:^mmmm^its iN^r'e)vyT^m<D:^^y 

[0 0 2 3] 

d p ^CoV^Ttt. ±l5gliO. 5 0 /Ei mJ£AT*W^ 0. 4 5 a nUSAT*^ J: 

y^f^L<, 0. 4 0 AtmJeAT*^S%^?^ LV^o TRSliO. 1 0 inJ^A±*W* 
b<, 0. 1 5 /ctmJe^±:^^J:y^f^ L/<> 0. 2 0 /t mjeA±*^ft=fo^? ^ L ^.^o ^ 

^fe, ||2#SMII2 i^^^y KM^'^A 1 G a A s^A 1 $:#t?III -Vj^^fb-^ 

i: ^ -5 J: e) tC ^ S ^ L V ^„ 

[0 0 2 4] 

^65fig:5^f4^^«, m(Dmm. mmi(Dm^miz!:i;\:^xm^j^^ijK mo 

. ^«?aS6 5 0 — 75 O-C^S, V/IIIJt2 0 — 6 0^^ (A 1 G a A s 

feSVNliS 5 0 — 5 5 0@S (A 1 G a I n P©^-a-) , V Vm-^itm-m 
iS^ge 0 0 — 7 0 01C, V/IIIJt4 0 — 6 0^^ (A 1 G a A s (Z)©-^) ^-g>VN 
td: 3 5 0 — 5 5 0@S (A 1 G a I n P®^-^) T^^f bV^„ ^IC^M 

M$:MVAT3§#?^;St--£> U ^yPm^ti^A IGaAs, AlGal nPC)J;e)JCA 



2 0 0 0- 3 0 



11 — 045123 



tf^^-t^^HA 1 Ga A sM®^:S*^03^-r, mz^m'Wmfi':r.^y^y^-^tl 
Xh^ofi^ (a:y^>^^-K) *^ A lM^*^^S<^S«^•fl&®^!K:5^^$:- 
<, 0. 0 5jeA_L*^<fc ^ L<> 0. 1 Je/^±}^^«=fe^f^ LV^„ 5 OJ^;^ 
[0 0 2 5] 

PgP^ipiS: 2. 2 nm\;k±l 0 0 0 ict mJ!^TlC-re Zl (C j: o T, ]^miJl&f^$: 

^^^-r-s^ii^^x^, ^?>ic=i>^^ h»iciiigf-^sm@:5tt^^^2#«M^2 

m)i^A^-^<^7L^Z.}:Lii'^X^. ^nm\Z^^-^t\.^^ AlCalnP^ 
^A 1 G a I nN^^ifJt^m(Z)l©Vx#J|Bf ( i: U *Dtt p MtC V^T) ^CJ3V^T, 



ftiliE#2 0 0 0-3 0 



4f 5p 11 — 045123 



[0 0 2 6] 

^itrmitO. OlAin*W*b<> 0. 1 /ttmJeA±*^J; t L/<, ±|J5l±2 

M -5 r i: fc j: y . umm t u jggp t <D m^iSim izv^m-t%^^(Dmm^ 

[0 0 2 7] 

^^"yv \^M(Dm^-kO. 1 0 mJeA_t 0 . 5 0 /imaTlC-^^ZlillCJ: 

$^ic, *ig^«)^^^^3t^STtt, umm^s i N^i^, s i o^m. s i 

[0 0 2 8] 



miiE# 2 0 0 0-3 0 



1 1 — 045123 



[0 0 2 9] 



aj|iE# 2 0 0 0 



-30 



1 1—045123 

o 

[0 0 3 0] 

(jfims^^) ®^5{^$:fliM-r-5 3i:}6^T'^, sttjE*'!*;^ (^ms^^) <^>t^<^ 

[0 0 3 1] 
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4f 5p 1 1 — 045123 



(2) :7.h^'<^^mam<Dmjkzj^f^^mii^mmt.<D^m^m^rjtmm\Hizm 

(3) 7.h^>c^^mci^<Dmm^mm-t^umm(D^iz^mizv yp^'^~m 
:^mm^m\'^r^^mi^\y—^mmt.Lx. mmmmmytm (ssAiGaAs 

^ 7 8 0 n mT&m) > AlGalnP^ 6 0 0 n m^) , I n G a 

(^^^;R4 0 0 nmj£^) ) iCo VaTkB^]^*^, tlJSt^lC t;. mm 

mm-B^M (jI^I nGa As P&-5^^^±I nGaAs SrtSttMil-r-S 1. 3 fi 
m^, 1. 5^m^) U-if. y A-mmm^W. il nG a A sM^A^^ 
F^SttM/G a A sS^$:fflV^-5 9 8 0 nmja^, I nGaAs PM*^*#:^tS 
ft®/ I n PS^$:ffiV>e 1 4 8 0 nm3ff^;&if) l^-if ^ if® jl-^ffi^^^: 

[0 0 3 2] 

:R^^J tC tl Pfi $ tl -5 O T- ^ V ^ „ 
[0 0 3 3] 

(lIMM 1 ) 

*iiJ6MJcfevAT, Ell (c) izm-tmmm7^^m-r^^mm<D^mi^^ytm 

3 5 0 /imvmmt)'^ (10 0) n^G aAs (n=lX10^®c 

m"^) mWLl0 1±iZ^ MOCVD^Cck U S i K-:;^A 1 jjG a^_jjA s (x = 
0. 5 5 : n= 1 X 1 0 ^^c m"^) 2. 0 /z m(D ^ y Y^M 1 



mSE# 2 0 0 0-3 0 



#5p 1 1 — 045123 



0 2 ; y > F-^A 1 jjG a j_j^A s (x=0. 3 5 ) *^ ^ ^-5>ff $ 1 0 n m®^ 
;5f>fFMl0 3. y > F-:^A 1 jjG a^_jjA s (x=0. 1 0 ) ^-5* $ 8 
nm®#:RMl0 4, y > F->^A l^G a^_xA s (x=0. 3 5) f)-^^t£^m 
S 5 nm<OAU 1 0 5, y > F-:;^A 1 a j_xA s (x = 0. 1 0) ii^'ib 
3^-5^$ 8 nm©^FM 1 0 4, ^ll^y > F-:/A Ij^G a^_jjA s (x = 0. 3 
5) ti'^t^^m^ 1 0 nm(D^^^ FM 1 0 3 StM^^C^M LT^-g>ZlM»^#F 
(DQW) ^ttM 1 0 6 ; Z n F-::^A 1 jjG a j_xA s (x = 0. 55:p = l 
X 1 O^^c m~^) iJ^^iSt^m-^O. 3 0 /iin(Z)pMlll ^ FM 1 0 7 ; Z n 
F->^A IjjG aj_xA s (x = 0. 2 : p = 1 X 1 0 ^® c m~^) *^ ^ :^-g>ff $ 1 

0 n m<z)^f{:R5ih» 1 0 8 ^mrkmM-t^ ^ tiz ^ . ii'-:fjiy\y^umm.^m^ 

bfc (01 (a) ) „ 

r^kicr (D^f*:/;i/^7^nS^®^M{c s i Nj^^MH i09$:200n mii^$ 
h y vy^^'^f -icj: ti r(Z)S i Njj^^j^tc [0 1-1] -^mzwxj^ 

F^-Y^t/^RaPglSl 1 0 $:#m^l-tfeo X F ^-T y^^ngl5(Di|Jal±, 031C 
^■t^olZU-if^v:f^mmztp:^^l:(Dm (W2) 5: 3 ^mT— ^i: ^ 

gp#3aTx F^-r:/ifiS7b'j^^u, (mmm) x-om (wd ^2AmT-^ 

i:*iSi:e){CA^-zi>^L7to rc?)i:^, cti3fe^(D;R$ li4 0 0 a* m, ?ifMSIS 
:r.(D7.h^^':f^mami 1 Oiz. mo c VD^$:mv^fe^^^:S^c j: u, z 

n F-:/A 1 ^G a ^_xA s (x = 0. 6 0 : p = 1 X 1 0 c m"^) e> U 
>y >:;4«Jfe"^l^$ 2. 0 Am(DpMll2 ^'^>y FM 1 1 1 5:^;Rbfco ropMH 
2^^^yFMti. ^ic (3 11) A^^yr^^yhH-t^Vyi^^rnVt^^ht^o 

mz. Z.(D±IZ. MOCVD^$:MV^fe^#^J^*^C<fc t). =3p ^ ij TtSS 1 X 1 0 
^^c m"^®Z n F-^G a A s ^ ^-5 p M=l > ^ FM 1 1 2 $:?^fifeLfco :i 

® n > ^ ^ SMti, V V v-^oy p 2 ^ FM 1 1 1 ±\zmtmi5mzm.^ 
sit. vv±m^mom-^o, ^ fimov^^y^^ vmn 2t.i,tz. mi 

(b) ) , 
[0 0 3 4] 

jbtaoMoc vD^^cfev^T. III i^M$4Jcii F u ^^;i/:**u (tmg) 



ffill#2 0 0 0-3 0 



1 1 — 045123 

:f>^jvrj}y^-^j^ (TMA) vmmmzitr J\ytyy ^^vr 

C I XIU m(D=E;\/ltti^O. 1 2, #ICHC 1 /TMA(7)^;i/Jt;«)^0. 2 2 i:^ 
^ S E Mli^tc J: y U -/ p Mlg 2 ^ ^ KMli, 0 1 tc^-T i: tc 

. :i ti J: . U ^y i;^'^^® p 2 ^ ^ ^y KM Jb'^^ffi (cM m b , ^M^^fc 
-r & r h R&ihi- S Ztti'X^t:^. U ^y i^'^;^^ IC, =Se5l5^<D J: e) tc U ^y i/"{R[I 

[0 0 3 5] 

r©^, pMm^l 1 3 1 0 0 /ttm^T'^< Lfe^lC, nffiH 

WMl 14$:^«U, Tn-fL,5t (HI (c) ) „ ^ e) LT#^L^'?ac/N- j: 

^g0c<fcy^^y^A-tz-©ymLT, v-^Pkm^m^^i^m.i.tL. z.(d}l 

^®^^#|««5 0 0 /imhL:to ttf^Sl 0%-^ra9 0%(Z)#*f$r^=l-7" 
5^>yyi»>^>>3>^'^>T'll5ib:^^, 2 5-CT^Jti^jlS (CW) ICTS 

/h$<, pMn^^f^' hMi: pM«M®r^(^^M^^l^75)'^M^?)T/^$v^z:i:*^Si^ 
$tifeo ^m:t; 1 5 0 mWi&f^^t?(Z)ism;tr$:^^T~^T 

i3»;> ^igS^;R3&^¥i^7 8 5 nm, L^V^>f^t«^^*'^^i^2 0mA, xn-:/^^ 
*^5i2:^l. 0 mW/mAT'feS^#ft*'^'#NS{C^^fr'feU, ^ffi:^ 5 0 mW^® 



2 0 



ajliE^ 2000-3005449 



#5p 11—0451 2 3 



5 OmW^®7K¥fi£*^»;^tt¥i^l 0° T'^U, SEJfe*^ V ^(Z) 1 / 2 ^;g(Z)>'i: 

, CD-R, MDm<Dyty^^ :^c7<Dm^7i^^^^M^ificmm-^n^:iiiti^tDi}^ 

So ^fc> l^vx-fiM-l* (6 or;, 5 o mW(D-!^u. nmtuzisv^^ i o o omm 

[0 0 3 6] 

s ic, ^i^^^ *^ ^ If m :^j»f^ -e ^ s ^ ^ :i 1^ - 3 > T mwi b 
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